Abstract-The effects of adding annular slots to solid conical antenna is described in this paper. The slots produced stop-bands with anti-resonant frequencies that are inversely proportional to the depth of the slots. The addition of double slots produced two distinct stop-bands. Prototype antennas were fabricated and measured to verify the simulated results.
I. INTRODUCTION
For both military and commercial applications, there is an increasing demand for Ultra Wide Band (UWB) antennas with omni-directional coverage [1] . Conical antenna structures possess characteristics such as broad bandwidth and an omnidirectional radiation pattern, which have attracted research interest [2] - [8] . However, the effect of adding slots to a solid cone antenna is yet to be reported.
In this paper, the effect of radial slots on the radiating frequency of a solid conical antenna was investigated and reported. Simulated results were obtained using CST Microwave Studio and a time domain Transmission Line Modelling solver. The features displayed by the slotted-cone antennas can be used as a tool for adjusting the operational bandwidth of a cone antenna and to suppress a band of unwanted frequencies. In order to validate the simulated results, prototype antennas were fabricated and measured. The method used is presented in section II, simulated and measured results of the slotted-cone antennas are presented in the section III and the results are discussed in section IV.
II. METHOD
For an operating frequency of 2 GHz, the vertical length of a plain cone antenna simulated and measured as a benchmark for the slotted-cone was set at /4 = 37.5 mm; the diameter of the circular base was 75 mm and the antenna's cone half-angle was 45 0 . The antenna was modelled to stand on a circular plane ground of radius 150 mm. The prototype antennas were built using solid copper material while the ground planes were constructed from a single sided copper-clad FR4. A hole was drilled in the base of the cone to serve as the connecting point to the 50 SMA connector. The schematic diagram of the simulated cone and the picture of the prototype cone are shown in Fig. 1 . For a general overview of the antennas' behaviour, an Anristsu 37397D VNA analyser calibrated to measure up to 12 GHz was used to determine the measurement of the reflection coefficient (S11) of the antennas. The analyser was connected to the coaxial feed, which was connected to the ground plane. The result obtained from the simulated plain cone discussed in this section is used as reference for the results of the slotted cones simulated in section III. The measurement set-up for the plain cone was also adopted for the slotted cone measurements to facilitate easy comparison.
III. SLOTTED CONE ANTENNA: SIMULATION AND MEASURED RESULTS
The effect of the slot on the operating frequency of the conical antenna was investigated and reported in this section. The schematic diagram of the slotted-cone antenna is shown in Fig. 3(a) . In order to evaluate the impact of slot on the operating frequency of the slotted-cone antenna, a number of simulations were conducted. An annular slot with sd = 7.5 mm positioned at hs = 8.75 mm was used for the first simulation, a slot of sd = 15 mm at hs = 18.75 mm was used for the second and a slot of sd = 15 mm at hs = 26.25 mm was used for the third simulation. In order to investigate the effect of multiple slots on the operating frequency of the cone antenna, two slots (sd = 7.5 mm at hs = 18.75 mm and sd = 15 mm at hs = 26.25 mm) were placed on a single cone for the fourth simulation. The slot-width (sw) for all simulations was 3 mm. The sample prototype slotted-cone antennas fabricated are shown in Fig. 3(b) and (c).
The simulated and measured results for the single slottedcone are shown in Fig. 4 while the simulated and measured results for the double slotted-cone are shown in Fig. 5 . 
IV. RESULTS ANALYSIS AND DISCUSSIONS
As shown in Fig. 4 , the insertion of the 7.5 mm and 15 mm deep slots introduced anti-resonant frequencies at 7.67 -10.06 GHz and 3.18 -4.29 GHz frequency band respectively. Each of the slots produced a trap within the broad bandwidth of the cone, which resulted in two distinct bands instead of the single wide bandwidth produced by the plain cone. Placing the 15 mm deep slot at two different positions on the cone resulted in a little shift in the trap frequency, meaning that the position of the slot has some effect on the operating frequency. It was also observed from the Fig. 4 that the trap frequencies produced by the slots are inversely proportional to the slotdepths. When the two slots were combined on a single cone to form a double-slotted antenna; two clear traps were produced creating three frequency bandwidths as shown in Fig. 5 . The two traps are similar to the traps produced by individual slot.
V. CONCLUSIONS
Annular slots on solid cone produced trap frequencies in the wideband frequency creating multiple bandwidths depending on the number of slots applied. The slot application to solid cone antenna could be a useful tool to be harnessed in frequency filtering applications where one or more bands need to be suppressed. The position and effectiveness of the trap depend on the depth of the slots.
